Abstract. Formal expressions are derived for the multipole expansion of the structure functions of a general polarization observable of exclusive electrodisintegration of the deuteron using a longitudinally polarized beam and/or an oriented target. This allows one to exhibit explicitly the angular dependence of the structure functions by expanding them in terms of the small rotation matrices d j m m (θ), whose coefficients are given in terms of the electromagnetic multipole matrix elements. Furthermore, explicit expressions for the coefficients of the angular distributions of the differential cross-section including multipoles up to L max = 3 are listed in tabular form. 
Introduction
The special and fundamental role of the two-nucleon system is well recognized. It plays the same role in nuclear physics as the hydrogen atom in atomic physics and is underlined first of all by the fact that NN-scattering is of crucial importance for fitting realistic NN-potential models. Secondly, the deuteron constitutes the simplest nucleus. It is very weakly bound and allows an exact theoretical treatment, at least in the nonrelativistic regime.
Over the past decade we have made a systematic study of inclusive and exclusive deuteron electrodisintegration with special emphasis on polarization observables [1] [2] [3] [4] [5] [6] . The main purpose of this study was to reveal to what extent the use of polarized electrons, polarized targets and polarization analysis of the outgoing nucleons will allow a considerably more thorough and more detailed investigation of the dynamical features of the two-nucleon system than is possible without the use of polarization degrees of freedom (d.o.f.) .
With the present work we continue the study of the formal aspects of this reaction presented in [3, 6] . In [3] we have formally derived all possible polarization structure functions as an extension to previous work in photodisintegration [7, 8] . In view of the large number of observables, we have addressed the question of independent observables a e-mail: arenhoev@kph.uni-mainz.de in a more general sense in [5] considering a two-body reaction of the type a + b → c + d, for which we have derived a general criterion for the selection of a complete set of independent observables. Subsequently it has been applied in [6] to the electromagnetic deuteron break-up reaction which can be considered as a two-body reaction in the one-photon-exchange approximation.
It is the aim of the present work to derive the multipole expansion of the observables of this reaction, which allows one to represent any observable as an expansion in terms of the small rotation matrices d j m m (θ), whose coefficients are determined uniquely by the electromagnetic transition multipole matrix elements between the deuteron ground state and the various partial waves of the outgoing twonucleon scattering state. Our approach is based on earlier work in deuteron photodisintegration [7] in which the multipole expansions of the unpolarized differential crosssection and of the outgoing-nucleon polarization without target orientation of [9, 10] have been generalized to all possible polarization observables. Analogous techniques have been applied in [11] for the description of polarization effects in (γ, N )-reactions on nuclei and in [12] for polarization observables in coincidence electron scattering from nuclei. In [11] only photon polarization degrees of freedom and outgoing-nucleon polarization is considered without including effects from target polarization, whereas in [12] the latter are treated, too. In particular, in [12] 
detailed
The European Physical Journal A expressions are given for the differential cross-section of deuteron electrodisintegration including beam and target polarization and for one-nucleon recoil polarization without target orientation.
A multipole decomposition will be very useful for a detailed comparison between theory and experiment. Past experience in deuteron photodisintegration has shown that a study of the multipole decomposition of angular distributions often helps ascertain the reasons for any serious discrepancy between theory and experiment. However, one should keep in mind that such an analysis is managable only if the multipole expansion converges rapidly so that not too many multipoles contribute significantly. This is certainly true for photodisintegration at low and medium energies, say up to the ∆-resonance region, but not for electrodisintegration in general, because for energies and momentum transfers along the quasifree ridge, the multipole expansion converges slowly. But this is the region where the influence of final-state interactions (fsi) is minimal and thus this is not the best region for testing the NN-interaction. Away from the quasifree ridge the multipole series converges quite rapidly, at least below the ridge, for example at a final-state c.m. energy of 120 MeV and q 2 < 2 fm 2 , as has been shown in [13] . On the other hand, this is just the interesting region where fsi and twobody currents become significant allowing a much more stringent test of a NN-potential model and its associated two-body current operator. Thus, a multipole analysis can become an important tool for a detailed analysis.
First, we will briefly review in the next section the general structure of an observable and its representation in terms of a bilinear Hermitean form in the current matrix elements. Starting from the multipole expansion of the current, we then derive in sect. 3 formal expressions for the coefficients of the expansion of an observable in terms of the small rotation matrices d j m m (θ). Some explicit expressions are collected in two appendices.
General form of an observable
We will begin with a brief review of the general formalism for an observable in e + d → e + n + p as derived in detail in [3] . A different approach has been used in [14] but there is a one-to-one correspondence between the observables of [14] and ours as shown in detail in the appendix A of [6] . In the one-photon-exchange approximation, the most general form of an observable "X" in d (e, e 
N )N and d(e, e np) is given by
where
with α denoting the fine structure constant and q 2 ν the four-momentum transfer squared (q = k 1 − k 2 ). Here, k 1 and k 2 denote the momenta of incoming and scattered electron, respectively. The scattering geometry is illustrated in fig. 1 , in which we distinguish three different planes which all intersect in one line as defined by the momentum transfer q, namely, the scattering plane, the reaction plane, and the orientation plane containing the axis of orientation of a polarized deuteron. The principal frames of reference are associated with the scattering plane, namely, the laboratory frame and the c.m. frame of the final two nucleons, which is related to the former one by a boost along q. The z-axis is chosen along q and the y-axis in the direction of k 1 × k 2 and hence perpendicular to the scattering plane, and the x-axis such as to form a right-handed system. With respect to the c.m. frame, we will denote throughout this paper by θ and φ the spherical angles of the relative momentum p np = (p c.m. , θ, φ). Thus, the spherical angles of proton and neutron momenta in this frame are θ 
where E c.m. = M 2 + p 2 np and E c.m. d = M 2 d + q 2 denote the nucleon and deuteron c.m. energies, respectively. We would like to remark that the choice of the coupled-spin representation of the T -matrix is not essential. One could as well take the uncoupled-spin representation T λpλnλm d , where λ p/n denote the spin projections of the proton and
